ABSTRACT: Scorpions can be considered living fossils because they have changed so little during the last 400 million years. They are venomous arthropods of the Arachnida class and regarded as relatives of spiders, ticks and mites. The aim of the present study was to evaluate the toxicity of Androctonus crassicauda (Olivier, 1807) venom and its effects on the acetylcholinesterase (AchE) activity and on electrolytes levels in rats. Animals were divided into seven groups of five rats each. Test groups received 250µg/kg of venom solution while control group was treated with 200µl of physiological saline solution (PSS). Blood samples were collected from the animals on the 1 st , 2 nd 4 th , 8 th , 12 th , and 24 th hours after subcutaneous injection of venom. Animals were monitored for 24 hours. Androctonus crassicauda venom significantly reduced AchE activity on the 12 th hour when compared with control group. A statistically negative correlation between Na + and K + (p<0.05) and a positive correlation between Na + and CL -(p<0.001) ions levels were observed after the administration of A. crassiccauda venom to rats. We can conclude that the differences in the electrolytes levels are due to acute renal failure, since elimination of toxin occurs primarily via the kidney.
INTRODUCTION
Within the phylum Arthropoda, scorpions (subphylum Chelicerata, order Scorpionida) are the oldest terrestrial species known (33, 35, 36, 39) . Scorpion envenomation remains a real health problem in many countries in the world, especially in tropical and subtropical regions (4, 6-8, 10, 17, 24, 25, 30-32, 37, 41, 50) . Scorpions that are dangerous to humans belong to the family Buthidae, comprising approximately 1,500 species. From these, the genera Androctonus, Leiurus, Buthus, Buthotus, Mesobuthus and Heterometrus can be found in the Old World. Over 450 million years, they have developed an efficient system to subdue their preys using potent neurotoxic compounds produced in their venom glands (11, 32, 42, 46) , such as a variety of biologically active components: enzymes, peptides, nucleotides, lipids, mucoproteins, biogenic amines, and other unknown substances (5, 22, 23, 26, 27, 29, 32, 38, 48, 49) .
These toxins can alter neuronal action potentials and cause neurotransmitters release from cholinergic and adrenergic neurons (13, 18, 22, 23, 24, 29, 33, 38, 40, 43, 48) . Neurotoxins also disrupt synaptic vesicles, leading to the cessation of acetylcholine (ACh) release and to the blockage of neuromuscular transmission (3, 24, 38, 42, 46) . In vertebrates, ACh is the major transmitter at neuromuscular junctions, autonomic ganglia, parasympathetic effector junctions, sympathetic effector junctions, and at many sites in the central nervous system. It is released by motor nerve cells and once bound to its receptors on muscle fibers, it stimulates the fibers to contract. The glands that receive impulses from the parasympathetic part of the autonomic nervous system are stimulated in the same way (44, 47) .
The aim of the present study was to evaluate the toxicity of Androctonus crassicauda (Olivier, 1807) venom as well as its effects on cholinesterase activity and on electrolytes levels in rats. 
MATERIALS AND METHODS

Venom
Animals
Healthy male albino Wistar rats, weighed 170±10g, aged three months old, were used for quantitative determination of cholinesterase. They were bred at the Medical Faculty of Ankara University Animal Facilities. Throughout the experiment, animals were kept in the experiment room under room temperature (22±2°C) and 60±10% humidity. They were divided into seven groups of five rats each. presented as means ± standard error (S.E.) and were statistically analyzed using ANOVA. A positive correlation between Na + and Cl -levels was observed and was statistically significant (p<0.001), whereas a negative correlation was noticed (p<0.05) between Na + and K + levels (Figures 2 and 3 ). Hyperkalemia and hyperglicemia may also occur in the victim due to autonomic storm (16, 18-20, 27, 28, 31, 33, 34, 47 (14) .
Experimental protocol
RESULTS
Acetylcholine is synthesized in certain neurons by the enzyme choline acetyltransferase from the compounds choline and acetyl-CoA. Normally, acetylcholine is quickly removed after having performed its action; this is done by the enzyme acetylcholinesterase which converts acetylcholine into choline and acetate.
The devastating effects of nerve agents are due to the inhibition of acetylcholinesterase, leading to continuous stimulation of the muscles, glands and central nervous system. Certain insecticides are effective because they act as cholinesterase inhibitors in insects and cause a build-up of ACh in the synaptic junction, resulting in muscle fasciculation (9, 12, 44) .
According to several studies, cardiovascular manifestations are due to the direct effects of excessive catecholamines circulating in the blood after autonomic hyperstimulation of the cholinergic system. The sympathetic branch of the autonomic nervous system usually predominates (3, 5, 12, 19, 24) . However, early parasympathetic effects caused by scorpion venom toxins may respond to atropine, which reduces the muscarinic effects of ACh when there is blockage of AchE. Thus, the use of atropine is supported in animal models that have shown an increase in survival time following envenomation (3, 42, 44) .
Venoms from species of the Androctonus genus are very toxic (37) . According to lethality tests, the same species presented several LD 50 values. Signs and symptoms depend on various factors including the genus, species, age, weight, feeding state and structure of the scorpion as well as the amount of venom injected, the number of stings, the sting site, the susceptibility of the patient, the period elapsed between the sting and the first medical aid, and the climate of the region (3, 15, 19, 37) .
Androctonus crassicauda venom can specifically stimulate acetylcholine receptors throughout the body and therefore it can be considered as a neurotoxic venom (27, 37) . Similarly to those of other scorpion species from different parts of the World, A.
crassicauda venom can directly increase ACh concentration (27, 37 (27, 37) . Most of the symptoms are caused either by the release of catecholamines from the adrenal glands (sympathetic nerves) or by the release of acetylcholine from postganglionic parasympathetic neurons (3, 5, 18, 19 ).
In the current study, a significant decrease in AchE activity occurred only 12 hours after venom administration, compared with control. Probably because the venom dose used was lower than the dose needed to stimulate acetylcholine receptors.
Several studies have reported that the electrolytes levels in the serum change during scorpion envenomation (2, 7, 12, 16, 19-21, 24, 29, 34, 36, 40, 45 In animal models, elimination of toxins is primarily via the kidney. Following venom injection into mice, the highest toxin concentration was found in the kidney, heart and lungs (12) . Isolated cases of acute renal failure have been reported following stings by scorpions (39, 44) . After scorpion envenomation, cardiovascular failure could be observed as a complication of pulmonary edema as well as respiratory arrest (35, 40) . These cardiac effects result from sympathetic and parasympathetic stimulations, direct myocardial toxicity and possible electrolyte disturbances (40) . In the present study, autopsy was not performed on all animals; however, we can consider differences in the electrolytes levels are due to acute renal failure, since elimination of toxin occurs primarily via the kidney.
Rats developed hyponatremia, hypocloremia and relative hyperkalemia, which corroborate several previous studies (12, 16, 19, 20, 27 chlorine ions levels in the serum, rather than by inhibiting AchE activity. We considered that all changes in the measured parameters are due to acute renal failure, as the toxin is eliminated primarily via the kidneys.
ACKNOWLEDGMENTS
We wish to thank Karina Luiz Chamma for her valuable comments on this manuscript.
